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TITLE OF THE INVENTION 
A catalyst composition and a Hiethod for isomerizing 
halogenated aromatics 
BACKGROUND OF THE INVENTION 

The present invention relates to a catalyst 
composition and a method for isomerizing halogenated 
aromatics. Particularly, the present invention relates to 
a catalyst and a method for isomerizing halogenated 
aromatics such as d i ch I o robenzene (DCB)i ch I oro to I uene (CT) 
or dichlorotoluene (OCT), etc., for increasing m-DCB, m-CT, 
2, 6-DCT or 3, 5-DCT. 

DCB, one of halogenated aromatics, can be obtained by 
chlorinating benzene. However, since this reaction is 
strong in o-or i entat i on and p-pr i enta t i on, isomer ization 
must be used when the m-isomer is necessary. Furthermore, 
the ratio of demand for respective DCB isomers is often 
different from the ratio of the respective isomers produced 
by ch I or i nat i on. Therefore, also for effective utilization 
of DCB, a DCB i some r i zat i on method has an important 
technical s i gn i f i cance. 

When any one of respective DCB isomers or the m-DCB 
produced by i somer i za t i on is used alone, it must be 
separated. 

Distillation as a method for separating isomers 
requires many rectifying columns since the respective 
isomers are close to each other in boiling point. Recently, 
Japanese Patent Publication (Tokko Hei) Nos. t-12732 and 7- 
86092 disclose an adsorption separation method and a method 
of using adsorption separation and distillation in 
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comb i na t ion. 

it is economically very important that the DC6 isomers 
remaining after separating and removing the intended DCB 
isomer are re-used for i somer i zat i on reaction, to increase 
the concentration of the intended isomer. Subsequently the 
intended DCB isomer is separated and removed again, to 
repeat the cycle. 

As a method for such i somer i zat i on reaction, Japanese 
Patent Publication (Tokko) No. 64-9972, etc. disclose a 
method of using acid type mordenite or a zeolite, the 
aperture of the largest pore of which comprises the 10- 
membered oxygen ring, as a catalyst. I^owever, also for 
this method, it is industrially important to further 
.improve isomerization activity. 

CT can be obtained by chlorinating toluene. However, 
since this reaction is strong in o-or i en tat i on and p- 
orientation, i somer i zat i on must be used when the m-isomer 
is necessary. Furthermore, the ratio of demand for CT 
isomers is often different from the ratio of respective CT 
isomers produced by chlor ination. Therefore, also for 
effective utilization of CT, a CT isomer ization method has 
an important technical significance. 

When any one of CT Isomers or the m-CT produced by 
i somer i zat i on is used alone, it must be separated. 

Distillation as a method for separating the isomers 
requires an ultraprecise rectifying column since the 
respective isomers are close to each other in boiling point, 
and cannot be said to be an industrial method. Recently, 
Japanese Patent Publication (Tokko) Nos. 63-24495 and 63- 



6441 2 disclose an adsorption separation method and a metliod 
of using adsorption separation and distillation in 
comb i na t ion. 

It Is economically very important that the CT Isomers 
remaining after separating and removing the intended CT 
isomer are subjected to i somer i za t i on reaction, to increase 
the concentration of the intended Isomer again. 
Subsequently the intended CT isomer is separated and 
removed again, to repeat the cycle. 

As a method for such i somer i zat i on reaction, Japanese 
Patent Publication (Tokko) No. 62-15050 discloses a method 
of using a zeolite, the aperture of the largest pore of 
which comprises the 10-membered oxygen ring, as a catalyst. 
However, also for this method, it is industrially important 
to further improve the i somer i zat i on activity. 

Furthermore, in general, DCT is obtained by 
dichlor inat ion of toluene. This reaction is a strongly 
oriented reaction, and the production ratio of the obtained 
isomers is 20 to 35% of 2, 4-DCT : 25 to 55% of 2, 5-DCT : 5 
to 35X of 2, 6-DCT : 8 to 12% of 2, 3-DCT : 5 to 12% of 3,4- 
DCT. This reaction does not yield 3, 5-DCT, and to obtain 
3, 5-DCT, DTC must be isomerized. 

When any one of DCT isomers or 3. 5-DCT produced by 
i somer i zat i on is used alone, it must be separated. 

These isomers cannot be separated by distillation 
since they are close to each other in boiling point. So, 
for example, as disclosed in Japanese Patent Publication 
(Tokko) Nos. 1-45457 and 1-40016, the separation can be 
effected by an adsorption separation method or a method of 



using adsorption separation and distillation in combination. 

It is very economically important that the DCT isomers 
remaining after separating and removing the intended DCT 
isomer are subjected to i some r i za t i on reaction again, to 
increase the concentration of the intended isomer. 
Subsequently the intended DCT isomer is separated and 
removed again, to repeat the cycle. 

As a method for such isoraerization reaction, Japanese 
Patent Publication (Tokko) Nos. 4-37054 and 37055 disclose 
a method of using a raordenite type zeolite (hereinafter 
called "mordeni te"). However, also for this method, it is 
industrially important to further improve the isoraerization 
activity. 

If a zeolite-containing catalyst is used for 
isomerizing halogenated aromalics, the catalyst generally 
declines in performance with the lapse of time. So, the 
catalyst must be replaced by a new catalyst or regenerated 
by calcination, etc. at a proper time, and it is 
industrially very advantageous to prolong the life or 
regeneration period. 

If these conventionally known isoraerization catalysts 
can be further improved in activity, the reaction . 
temperature can be lowered. If a catalyst is used for 
reaction, the catalytic activity declines, and it is 
generally practiced that to compensate the decline of 
activity, the reaction temperature is raised. Therefore, 
if the reaction temperature can be lowered, the catalyst 
can be used in a wider temperature range, and as a result, 
the catalyst life can be prolonged. 
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From the above points of view, the inventors studied 
intensively on the method for improving the catalytic 
activity, and as a result, found that if the maxirauin 
diameter of secondary particles of a zeolite in a formed 
catalyst is reduced, the catalytic activity in the reaction 
to isomerize halogenated aroraatics can be improved, to 
achieve the present invention. 

Furthermore, the inventors found that if the primary 
particle size of mordenite used as a zeolite for 
isoraerizing DCT Is reduced, the catalytic activity in the 
OCT isomerization reaction can be improved, to achieve the 
present invention. 

ijsfi:; 

ip Moreover, the inventors investigated on the method for 

P Isomerizing halogenated aroraatics, and as a result, found 

that if halogenated aromatics with a dissolved oxygen 
content of 15 wt ppm or less are used, the deactivation of 
=5 the zeol i te~containing catalyst can be inhibited, to 

E prolong the life of the catalyst, for allowing efficient 

K isomerization of halogenated aromatics. 

O OBJECTS OF THE INVENTION 

An object of the present invention is to provide a 
catalyst composition with high halogenated aromatics 
isomerization activity. 

Another object of the present invention is to provide 
a method for isomerizing halogenated aromatics, which can 
prolong the life or regeneration period of the catalyst. 

Further other objects of the present invention will be 
clarified in the following description. 

BRIEF DESCRIPTION OF THE INVENTION 
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The present invention is going to achieve the above 
objects. The catalyst composition for isomerizing 
halogenated aromatics of the present invention is a 
catalyst composition for isomerizing halogenated aromatics, 
characterized in that the maximum diameter of secondary 
particles of the zeolite in the formed catalyst is 5 
microns or less. The isomerizing catalyst composition of 
the present invention includes the following preferable 
embod i men t s. 

(a) Said halogenated aromatics are compounds represented by 



(where XI stands for a halogen atom; X2, a hydrogen atom or 
halogen atom; and X3, a halogen atom or lower alkyi group). 

(b) With a halogen atom selected as XI, a hydrogen atom as 
X2 and a halogen atom or methyl group as X3 in the general 
formula (I), the aperture of the largest pore of the 
zeolite comprises the 10-raerabered oxygen ring. 

(c) Said halogenated aromatics are d i ch I o robenzene and 
ch lorotol uene. 

(d) With a halogen atom selected as XI, a halogen atom as 
X2, and a halogen atom or lower alkyI group with 1 .to 4 
carbon atoms as X3, or with a halogen atom selected as XI, 
a hydrogen atom as X2, and a lower alkyI group with 2 to 4 
carbon atoms as X3 in the general formula (I), said zeolite 
is mordenite. 

(e) Said halogenated aromatics are d i ch loroto I uene, 
trichlorobenzene are ch I oroethy I benzene. 

(f) Said zeolite is an acid type zeolite. 



the following general formula (I). 




(g) Mordenite of 0.2 micron or less in the longest axes of 
its primary particles is contained. 

(h) The maximum diameter of secondary particles of 
mordenite in the formed catalyst containing said mordenite 
of 0.2 micron or less in the longest axes of its primary 
particles is 5 microns or less. 

(i) Said catalyst composition contains rhenium. 

(j) Said rhenium is contained by 0.05 to 2 wtX as metal 
based on the weight of the catalyst composition, 
(k) Said catalyst composition contains rhenium and silver. 
(I) Said rhenium Is contained by 0.05 to 2 wt35 as metal 
based on the weight of the catalyst composition, and said 
silver is contained by 0,5 to 10 wtX as metal based on the 
weight of the catalyst composition. 

(m) Said rhenium is contained by 0.05 to 1 wtX as metal 
based on the weight of the catalyst composition, and said 
silver is contained by 1 to 7 wtX as metal based on the 

weight of the catalyst composition. 

(n) Said catalyst composition further contains at least 
either of fluorine and phosphorus. 

(o) Said at least either of fluorine and phosphorus is 
contained by 0.05 to 2 wtS^ as fluorine atoms and/or 
phosphorus atoms based on the weight of the catalyst 
compos i t i on. 

(p) The silica/alumina molar ratio of the mordenite is 15 
to 30. 

Furthermore, the i somer 1 zat i on method of the present 
invention is a method for isomerizing halogenated aromatics, 
comprising the step of bringing the catalyst compound 



stated In any one of the above Into contact with 
halogenated aromatics. The i some r i za t i on method of the 
present Invention includes the following preferable 
embod imen ts. 

(q) Halogenated aromatics with a dissolved oxygen content 
of 15 ppm or less are brought into contact with a zeolite- 
containing catalyst. 

(r) Before the halogenated aromatics are brought into 
contact with the zeolite-containing catalyst, the 
halogenated aromatics are treated by dissipation treatment, 
reduced pressure treatment or distillation treatment, to 
remove the dissolved oxygen. 

(s) Said zeolite-containing catalyst is the catalyst 
composition stated in any of the above. 



As the zeolite used in the present invention, any 
zeolite preferable for the halogenated aromatics to be 
isomerized is selected. in the present invention, it is 
preferable that the zeolite is of acid type. 

The halogenated aromatics preferably used in the 
present invention include the compounds represented by the 



(where XI stands for a halogen atom; X2, . a hydrogen atom or 
halogen atom; and X3 a halogen atom or lower alkyi group; 
it is preferable that the lower alkyI group has 1 to 4 
carbon atoms. ) 

In the present invention, when the halogenated 
aromatics are compounds with a halogen atom as XI, a 



DETAILED DESCRIPTION OF THE INVENTION 



following general formula (I): 
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hydrogen atom as X2 and a halogen atom or methyl group as 
X3 in the general formula (I) to have a relatively small 
molecular size, a zeolite, the aperture of the largest pore 
of which comprises the 10-raembered oxygen ring, can be 
preferably used. Furthermore, when the halogenated 
aromatlcs are compounds with a halogen atom as XI, a 
halogen atom as X2 and a halogen atom or lower alkyi group 
with 1 to 4 carbon atoms as X3, or with a halogen atom as 
XI. a hydrogen atom as X2 and a lower alkyI group with 2 .to 
4 carbon atoms as X3 in the general formula (I) to have a 
relatively large molecular size, mordenite can be 
preferably used. 

Halogenated aromatics with a halogen atom as XI, a 
halogen atom as X2 and a halogen atom or methyl group as X3 
include ch I oroto I uene, bromoto I uene, d I ch I orobenzene, 
d i brofflobenzene, ch I orobromobenzene, etc. The present 
invention is effective for Isoraerizing especially 
ch lorotol uene and d i ch iorobenzene. 

Halogenated aromatics with a halogen atom as XI, a 
halogen atom as X2 and a halogen atom or lower alkyI group 
with 1 to 4 carbon atoms as X3 include d i ch I oroto I uene, 
d i bromoto I uene, chlorobromotoluene, t r i ch I orobenzene, 
tr i bromobenzene, d i ch I oroe thy I benzene, d i broraoethy I benzene, 
etc. The present invention is effective for isomerizing 
especially d i ch I oroto I uene and trichlorobenzene. 

Halogenated aromatics with a halogen atom as XI. a 
hydrogen atom as X2 and a lower alkyI group with 2 to 4 
carbon atoms as X3 include ch I oroe thy I benzene, 
bromoethy I benzene, ch I oropropy I benzene, etc. The present 



invention is effective for isonierizing especially 
ch 1 0 roe thy I benzene. 

Zeolites, the aperture of the largest pore of which 
comprises the 1 0-menibered oxygen ring, are known as 
pentas i l-type zeolites, and their compositions and 
production methods are stated in US Patent No. 3894106. 
The zeolites, the aperture of the largest pore of which 
comprises the 10-raembered oxygen ring, include the ZSM-5 
zeolite with its crystal structure stated in Nature 271, 30 
March, 437 (1978) and the zeolites considered to belong to 
the same series. They include, for example, said ZSM-5, 
ZSM-8 stated in GB Patent No. 1334243, ZSH-11 slated in 
Japanese Patent Publication (Tokko) No. 53-23280, ZSM-21 
stated in US Patent No. 4001346, ZSM-35 staled in Japanese 
Patent Lald-Qpen (Kokai) No. 53-144500, zeolite zeta 1 
stated in Japanese Patent Laid-Open (Kokai) No. 51-67299, 
zeolite zeta 3 stated in Japanese Patent Laid-Open (Kokai) 
No. ■ 51-67298, etc. Any zeolite, with a structure in which 
the aperture of the largest pore comprises the 10-membered 
oxygen ring, can of course be used, without being limited 
to those enumerated above. 

Various methods for producing pentas i l-type zeolites 
have been disclosed, for example, in Japanese Patent Laid- 
Open (Kokai) Nos. 52-1 1 5800. 53-1 34798 and 57-12381 5, etc. 

It is preferable that the molar ratio of 
silica/alumina constituting such a zeolite is 10 to 100. A 
more preferable range is 18 to 50. If the silica/alumina 
molar ratio is less than 10 or more than 100, the catalytic 
activLty tends to decline. 
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Mordenite is a zeolite which gives an X-ray 
diffraction pattern shown in Table 1. 
[Table 1] 

Mordenite includes a natural product and a synthetic 
product. In the present invention, the use of synthetic 
mordenite is preferable. Various methods for synthesizing 
mordenite are disclosedt for example, in Japanese Patent 
Publication (Tokko) No. 47-46677 and Japanese Patent Laid- 
Open (Kokai) Nos. 55-126529 and 58-91032, etc. 

It Is preferable that the molar ratio of 
silica/alumina constituting the mordenite structure is 15 
to 30. If the silica/alumina molar ratio is less than 15 
or more than 30, the catalytic activity tends to decline. 
Mordenite with a silica/alumina molar ratio of 15 to 30 can 
be obtained by acid extraction, etc. of mordenite for 
removing aluminum, or directly by synthesis. In the 
present invention, directly synthesized mordenite can be 
preferably used. 

It is more preferable that the primary particle size 
of mordenite is 0.2 micron or less in longest axis. 

As a general trend, the primary particle size of 
mordenite tends to be smaller if an nitrogen containing 
organic base such as tet raethy I ammon i um hydroxide or a 
surfactant such as polyethylene glycol is present in the 
reaction mixture, though this cannot be generally said 
since the primary particle size is affected variously by 
the reaction mixture composition at the time of synthesis, 
crystallization temperature, crystallization time, stirring 
speed, etc. Furthermore, for the composition ratios in the 
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reaction mixture, since the particle size conip li ca ted I y 
changes, depending on the silica and alumina contents and 
alkali concentration, it is preferable to select the 
optimum composition ratios. As for crystallization 
conditions, if the crystallization temperature is lower, or' 
if the crystallization time is shorter, or if the stirring 
speed is higher, the primary particle size tends to be 
smaller. Irrespective of the method, in the present 
invention it is only required that mordenite is 0.2 micron 
or less in the longest axes of its primary particles. 

The primary particle size of mordenite can be easily 
examined by a scanning electron microscope (SEM). It is 
preferable that the molar ratio of s i i i ca/al urai na 
constituting the mordenite structure is 15 to 30, If the 
silica/alumina molar ratio is less than 15 or more than 30, 
the catalytic activity tends to decline. 

When the zeolite is powdery, it must be formed for use 
as an industrial catalyst. It can be formed by various 
methods such as compression forming, kneading, oiling and 
dropping, but in the present invention, kneading can be 
preferably used. For kneading, a binder is generally 
necessary, and an inorganic oxide and/or clay is used as 
the binder. The binders which can be preferably used in 
the present invention include alumina sol and alumina gel. 
The amount of the binder is 5 to 30 parts by weight as 
absolute dry weight per 100 parts by weight of the zeolite. 
A preferable range is 10 to 20 parts by weight. If the 
formabiiity is poor, it is effective to add an alkali metal 
salt or an alkaline earth metal salt such as sodium 
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chloride, magnesium chloride or barium chloride or a 
surfactant such as polyvinyl alcohol, Span or Reodol for 
kneading. The particle size of the formed catalyst is very 
important since it greatly affects the diffusion velocity 
in the reaction to isomerize the halogenated aromatlcs. If 
the particle size is smaller, the diffusion velocity is 
faster preferably but the pressure loss becomes larger. So, 
a moderate particle size is preferable. A preferable 
particle size in the present invention is 0.05 to 2 mm. A 
more pref erab I e . range' is 0.1 to 1 mm. The formed catalyst 
is then dried at 50 to 200-C, and subsequently calcined at 
350 to 600-C, to be higher in strength. 

The secondary particles of the zeolite used in the 
present invention are formed by aggregation of primary 
particles of the zeolite. The maximum diameter of 
secondary particles in the formed catalyst can be easily 
examined by a scanning electron microscope (SEM). 

For the objects of the present invention, it is 
effective that the maximum diameter of secondary particles 
of the zeolite in the formed catalyst is 5 microns or less. 
When the raw zeolite is homogeneously mixed and formed with 
an inorganic oxide and/or clay, the secondary particles are 
partly broken and dispersed. If the secondary particles of 
the zeolite, in the formed catalyst are sufficiently small 
and are well dispersed, the effective catalytic reaction 
rate is higher, and a higher catalytic activity can be 
achieved in i somer i zat i on reaction. The maximum diameter 
of secondary particles in the formed catalyst can be 
controlled by forming conditions, the maximum diameter of 
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secondary particles of the raw zeolite powder, etc. As 
forming conditions, the time for kneading the raw zeolite 
and an inorganic oxide and/or clay, water content, etc. are 
Important. For example, if the kneading time is longer, 
the maximum diameter of secondary particles in the formed 
catalyst Is preferably smaller. Furthermore, the maximum 
diameter of secondary particles of the raw zeolite powder 
can be controlled by the composition ratios of the reaction 
mixture at the time of synthesis, crystallization time, 
stirring conditions, drying method, etc. The synthesizing 
conditions must be selected properly since they depend on 
the raw material used and cannot be generally specified. 
According to the findings obtained so far, if the 
alkalinity in the reaction mixture at the time of synthesis 
is lower or if the crystallization time is shorter, the 
maximum diameter of secondary particles tends to be smaller. 

In the present invention it fs preferable that the 
zeolite contained in the formed catalyst is of acid type. 
If the zeolite is of acid type or ammonium ion type acting 
as a hydrogen ion precursor or organic cation type before 
forming, treatment for conversion into acid type Is not 
necessarily required. However, if the zeolite contains 
alkali metal ions or alkaline earth metal ions, etc., ion 
exchange treatment for conversion into acid type is carried 
out. As ion exchange treatment, the zeolite can be 
directly converted into acid type using an aqueous solution 
of an inorganic acid or organic acid, etc.. or the zeolite 
can be ion-exchanged to have ammonium ions introduced using 
an aqueous solution of ammonium chloride or ammonium 
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nitrate, etc. and calcined to be converted into acid type. 
Since ion exchange by an acid aqueous solution is likely to 
remove aluminum from the zeolite, ion exchange by an 
ammonium salt aqueous solution is preferable. The catalyst 
composition prepared like this is dried at 50 to 200-C and 
subsequently calcined at 350 to 600-C, to be used in the 
reaction for isomerizing halogenated aromatics. 

In the i somer i zat ion of CT or DCB, the presence of an 
aromatic hydrocarbon or any other halogenated aromatics is 
effective for inhibiting side reactions and prolonging the 
catalyst life. 

For isomerizing OCT, TCB or CEB, etc., it is 
preferable to load rhenium with hydrogenat ion activity on 
the catajyst or to introduce silver ions into mordenite, 
for more effective functioning of the catalyst. It can 
happen that silver ions cause reduction or are formed into 
another compound during reaction, but this does not pose 
any problem in catalytic performance. It is also 
preferable to add fluorine and/or phosphorus to the 
catalyst. When the catalyst is used for reaction, it is 
preferable that DCT as a raw material supplied is brought 
into contact with the catalyst, in liquid phase. It is 
also preferable that hydrogen is present with the raw 
material supplied, since the decline of catalytic activity 
can be inhibited. If hydrogen is dissolved in the DCT 
liquid phase, a higher effect can be manifested. To 
dissolve an effective amount of hydrogen into DCT, it is 
preferable that the reaction pressure is 4 MPa or more. 

The introduction of silver ions into mordenite can be 
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easily achieved by ion-exchanging the formed inordenite 
catalyst, for example, by a silver nitrate aqueous solution. 
It Is preferable that the amount of silver ions introduced 
is 0.5 to 10 wtX as metal based on the weight of the 
catalyst composition. A more preferable range is 1 to 7 
wtX. A catalyst composition containing silver ions is 
effective for inhibiting side reactions in the DCT 
i somer i za t i on reaction. The silver ions introduced into 
raordenite can be converted into the metal or any other 
compound such as chloride during reaction, but this does 
not lower the catalytic performance. 

Especially when rhenium is loaded with the catalyst 
for i somer i zat i on reaction in the presence of hydrogen with 
DCT as liquid phase, rhenium functions as a hydrogen 
activating component and removes the high boiling point 
compounds which cover the active sites of the catalyst and 
poison the catalytic performance, thereby effectively 
maintaining the catalytic activity. The rhenium compounds 
which can be used here include perrhenic acid, ammonium 
perrhenate. rhenium chloride, etc. It is preferable that 
the amount of rhenium carried is 0.05 to 2 wtSa as metal 
based on the weight of the catalyst composition. A more 
preferable range is 0.05 to I wtX. 

The catalyst composition produced iil<e this is dried 
at 50 to 200-C and subsequently calcined at 350 to 600-C. 
to be used for DCT i somer i za t i on reaction. 

It is also effective for DCT i somer i zat ion that at 
least either of fluorine and phosphorus is introduced into 
the catalyst compos i t ion. 
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At least either of fluorine and phosphorus can be 
introduced into the catalyst composition by impregnation or 
mixing, etc. Preferable fluorine compounds which can be 
used' here include water soluble fluorine compounds such as 
ammonium fluoride.^ Preferable phosphorus compounds which 
can be used here include water soluble phosphorus compounds 
such as phosphoric acid, ammonium phosphate and ammonium 
hydrogenphosphate. It is preferable that fluorine and/or 
phosphorus is contained by 0.05 to 2 wtJS as fluorine atoms 
and/or phosphorus atoms based on the weight of the catalyst 
compos i t i on. 

The catalyst composition produced like this is dried 
at 50 to 200t: and subsequently calcined at 350 to 600t:, 
to be used in the reaction to isomerize halogenated 
aromat i cs. 

For the reaction to isomerize halogenated aromatics, 
any of fixed bed, moving bed and fluidized bed can be used. 
In view of easy operation, fixed bed flow reaction is 
especially preferable. Itis preferable that the reaction 
temperature is 250 to SOOt:. A more preferable range is 
250 to SSOt:. The reaction can take place in either of 
vapor phase or liquid phase, but if any high boiling point 
compound is byproduced. liquid phase reaction is preferable. 
Furthermore, water can be removed as stated in Japanese 
Patent Publication (Tokko) No. 4-45933, or a diluent stated 
in Japanese Patent Publication (Tokko) No. 62-15051 can 
also be added. 

In the reaction to isomerize DCT, CEB or TCB, etc., it 
is preferable that the halogenated aromatics in liquid 
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phase are brought into contact with the catalyst in the 
presence of hydrogen. The reaction with the halogenated 
aromatics in liquid phase causes both the high boiling 
point compounds and the reaction product respectively 
produced in the reaction to flow out of the system, without 
covering the active sites of the catalyst, thus inhibiting 
the deactivation of the catalyst with the lapse of time. 
It can be considered that hydrogen can hydrocrack the high 
boiling point compounds covering the active sites of the 
catalyst, for removing them, and as a result, that the 
deactivation of catalytic activity is Inhibited. It is 
preferable that the amount of hydrogen is 0.005 to 0. 2 as a 
molar ratio to DCT. A more preferable range is 0.02 to 0.2 
In this case, it is especially preferable that hydrogen is 
dissolved in DCT for manifesting a higher effect. For 
dissolving hydrogen into the liquid phase DCT, it is 
preferable that the reaction pressure is 4 MPa or more, 
since the deactivation of catalytic activity can be 
prevented. 

The weight space velocity (WHSV) is 0.05 to 10 Hr"'. 
A preferable range is 0.1 to 5 Hr''. 

In the present invention, if the dissolved oxygen 
content of the halogenated aromatics is kept at IS wt ppm 
or less, the deactivation of the catalyst can be prevented. 
It is preferable that the dissolved oxygen content is as 
small as 5 wt ppm or less. More preferable is 1 wt ppm or 
less. 

The dissolved oxygen content of halogenated aromatics 
can be measured using a Beckmann dissolved oxygen meter or 
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po I arograph i c dissolved oxygen meter, etc. 

The dissolved oxygen content of iialogenated aromatics 
can be kept at 15 wt ppm or less by dissipation treatment, 
reduced pressure treatment or distillation treatmentT etc. 

in the present invention, the dissipation treatment 
means to bring halogenated aromatics liquid containing 
dissolved oxygen into contact with an inert gas such as N2 
for removing the dissolved oxygen from the halogenated 
aromatics. For dissipation, for example, N2 can be 
directly blown into halogenated aromatics liquid in a 
storage tank for bubbling, or halogenated aromatics and N2 
are brought into mutual contact in counter current in a 
plate column or packed column, etc. The operating pressure 
can be any of atmospheric pressure, pr essur i za t i on or 
reduced pressure. The operating temperature is usually 
lower than the temperature at which the halogenated 
aromatics can be kept in liquid phase. 

As reduced pressure treatment, for example, a storage 
tank which contains halogenated aromatics containing 
dissolved oxygen is reduced in pressure by a vacuum pump, 
etc., or halogenated aromatics liquid is treated by reduced 
pressure in a plate column or packed column, etc. for 
expelling dissolved oxygen. The operating pressure can be 
vacuum or atmospheric pressure, but a lower pressure is 
preferable. The operating temperature is usually lower 
than the temperature at which the halogenated aromatics can 
be kept in liquid phase. 

Distillation treatment can be executed according to a 
conventional method. The distillation column can be a 
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plate column or packed column, etc., and the operating 
pressure can be any of atmospheric pressure, pressur i za t i on 
or reduced pressure. 

The dissolved oxygen, if contained in the halogenated 
aromatics, reacts with the halogenated aromatics in the 
isomerizat ion reaction, to produce an oxygen-containing 
compound, increasing the molecular weight and covering the 
active sites of the catalyst, thereby lowering the 
catalytic activity. Therefore, it can be considered that 
if the dissolved oxygen is decreased, the decrease of 
active sites can be prevented, allowing the catalyst 
regeneration period to be prolonged. 

For the i somer 1 za t i on reaction, any of fixed bed, 
moving bed and fluidized bed can be used, and either flow 
method or batch method can be adopted. 

According to the present invention, the catalytic 
activity in the reaction to isomerize halogenated aromatics 
can be improved, and the reaction temperature can be 
lowered. In addition, by decreasing dissolved oxygen, the 
life or regeneration period of the catalyst can be 
pro I onged. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram showing an SEM image of the 

catalyst compound A produced in Example 2. 

Fig. 2 is a diagram showing an SEM image of the 

catalyst compound B produced in Comparative Example 1. 

Fig. 3 is a diagram showing the reaction times and m- 

DCB concentrations in the reaction solutions in Example 5 

and Comparative Example 2. 
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Fig. 4 is a diagram siiowing an SEM image of the 
catalyst compound C produced in Example 10. 

Fig. 5 is a diagram showing an SEW image of the 
catalyst compound I produced in Comparative Example 3. 

ExampI es 

The Invention will be described in more detail with 
reference to the following examples, which are not intended 
to restrict the scope of the invention. 
Example 1 (Synthesis of pen t as i 1 - 1 y p e zeolite) 

An aqueous solution was prepared by dissolving in 
583.8 g of water, 7.3 of solid caustic soda (containing 
96.0 wtX NaOH and 4.0 wtX H2O, from Katayama Kagaku) and 
10.2 g of tartaric acid powder (containing 99.7 vt% 
tartaric acid and 0.3 wt% H2O, from Katayama Kagaku). To 
this aqueous solution was added 35.4 g of sodium aluminate 
solution (containing 18.5 wt% AUGj. 26.1 wtX NaOH and 55.4 
wtX H2O, from Sumitomo Chemical). To the resulting 
homogenous solution was slowly added with stirring 111.5 g 
of silicic acid powder (containing 91.6 wtX SiO?, 0.33 wtX 
AUOjand 0.27 wtS! NaOH, "Nipseal VN-S" from Nippon Silica). 
There was obtained a homogenous aqueous slurry having the 
following composition (in molar ratio). 

SiOz/AljOa 25 

HzO/SiO? 20 

OH-'/SiOz 0.164 

A/AI2O3 1.0 A : tartrate 

The slurry was heated at leot: for 72 hours with 
stirring (250 rpm) in a 1-liter autoclave. The reaction 
product was washed with distilled water and filtered five 
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times and then dried overnight at about 120-C. Thus there 
was obtained a pen t as i I -type zeolite which gives an X-ray 
diffraction pattern shown in Table 2 and has the 
silica/alumina molar ratio of 21.9. 
[Table 2] 

Example 2 (Preparation of catalyst: catalyst composition A) 

A paste mixture was prepared from 30 g (dry base) of 
the zeolite powder obtained in, Example 1, 24 of alumina sol 
(containing 10 wt5^ of AI2O3, "Colloidal Alumina 200". from 
Nissan Kagal<u), 3 g of alumina gel (containing 70 wtX of 
AI2O3. "Cataloid AP (C-10)", from Shokubai Kasei), and 
distilled water. The mixture was kneaded. During kneading, 
a -proper amount of distilled water was added, while the 
kneaded state was observed. After kneading for about 2 
hours, the paste was formed into pellets like noodles 
through a screen with 0.8 mm d I a. holes, which was dried 
overnight at 12Gt: and then calcined at 5001C for 1 hour. 

The formed pellet (30 g dry base) was treated with 10 
wtX aqueous solution of ammonium chloride at SO-SST: for 1 
hour. The ion-exchange treatment was repeated 5 times in 
the same manner as above. The treatment was followed by 
rinsing with distilled water 5 times. It was dried 
overnight at 120t:, to obtain an ammonium ion-exchanged 
formed pellet. Then, It was calcined at 550X1; for 2 hours, 
to convert ammonium ions into hydrogen ions. Thus there 
was obtained a catalyst compound A, which contained an acid 
type zeolite, the aperture of the largest pore of which 
comprised the 10-membered oxygen ring. SEH observation 
shows that the maximum diameter of secondary particles of 
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the zeolite in the catalyst was 3 microns. An observed SEM 
image is shown in Fig. 1. 

Comparative Example 1 (Preparation of catalyst: catalyst 
compos i t i on B) 

A catalyst composition B was obtained as described for 
preparing the catalyst composition A of Example 1, except 
that the kneading time for catalyst forming was about 30 
minutes. SEM observation shows that the maximum diameter 
of secondary particles of the zeolite in the formed 
catalyst was 10 microns. An observed SEM image is shown .in 
Fig. 2. 

Example 3 (CT i somer i zat i on reaction) 

The catalyst composition A (Example 2) and the 
catalyst composition B (Comparative Example 1) obtained by 
the above method and different in the maximum diameter of 
secondary particles of the zeolite, the aperture of the 
largest pore of which comprised the 10-membered oxygen ring, 
in the formed catalyst were used for CT i somer i zat i on 
reaction tests in liquid phase. The results are shown in 
Table 3. 
[Table 3] 

From Table 3, it can be seen that if the maximum 
diameter of secondary particles of the zeolite, the 
aperture of the largest pore of which comprises the 10- 
merabered oxygen ring, in the formed catalyst is smaller 
than 5 microns, the catalytic activity is higher and the 
reaction temperature can be lowered. 
Example 4 (DCB i some r i za t i on reaction) 

The catalyst composition A (Example 2) and the 
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catalyst composition B (Comparative Example 1) obtained by 
the above method and different in the maximum diameter of 
secondary particles of the zeolite, the aperture of the 
largest pore of which comprised the 10-raerabered oxygen ring, 
in the formed catalyst were used for o-DCB i somer i za 1 1 on 
reaction tests. The results are shown in Table 4. 
[Table 4] 

From Table 4, it can be seen that if the maximum 
diameter of secondary particles of the zeolite, the 
aperture of the largest pore of which comprises the 10- 
membered oxygen ring, In the formed catalyst is smaller 
than 5 microns, the catalytic activity is higher and the 
reaction temperature can be lowered. 
Example 5 (Influence of dissolved oxygen) 

The raw material obtained by nitrogen bubbling of o- 
DCB for removing oxygen (dissolved oxygen content nearly 0 
ppm, measured by a po I arograph i c dissolved oxygen meter) 
was treated to be dehydrated by a molecular sieve^ and 
brought into contact with the catalyst composition A, for a 
liquid phase i somer i zat i on reaction test. The reaction 
conditions are shown in Table 5, 
[Table 5] 

The degradation rate of the catalyst is expressed by 
the m-DCB content decrease rate in the DC isomer mixture 
used as the reaction solution. The catalyst deactivation 
rate in this example is shown in Fig. 3 and Table 6. 
Comparative Example 2 

An i somer i zat i on reaction test was carried out as 
described in Example 5, except that o-DCB saturated with 
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air (dissolved oxygen content about 40 ppm, measured by a 
po I arograph i c dissolved oxygen meter) was used as the raw 
material. The results are shown in Fig. 3 and Table 6. 
[Table 6] 

Example 6 (Synthesis of mordenite 1) 

A homogeneous aqueous solution was prepared by 
dissolving in 567 g of distilled water. 0.40 g of solid 
caustic soda (containing 96.0 wtX of NaOH and 4.0 wtX of 
H2O, from Katayama Kagaku), 23.89 g of sodium aluminate 
solution (containing 18.5 wtX of AI2O3, 26.1 wtX of NaOH 
and 55.4 wt3{ of H2O, from Sumitomo Chemical) and 55.2 g of 
tetraethy lammonlum hydroxide (hereinafter called TEAOH) 
(containing 20 wtS^ of TEAOH and 80 of H2O, from Sanyo 
Chemical). To this aqueous solution was slowly added with 
stirring 65.5 g of hydrous silicic acid (containing 91.6 
wtX of Si02, 0.33 wtX of AI2O3 and 0.27 wtX of NaOH, Nipseal 
VN-3, from Nippon Silica) was gradually added with stirring. 
There was obtained a homogeneous aqueous slurry having the 
following slurry (in molar ratio). 

SiOa/AljOa 22 

OH-VSiOa 0. 245 

TEA/Si02 0.075 

HaO/SiOz 35 

The slurry was heated at 160-C for 7 days with 
stirring (250 rpm) in a 1000 ml autoclave. The reaction 
product was washed with distilled water and filtered five 
times and then dried overnight at about 12010. Thus there 
was obtained mordenite which gives an X-ray diffraction 
pattern shown in Table 1 and has the silica/alumina molar 



25 



ratio of 18.5. The primary particles of the mordenite 
observed by SEM were 0.12 micron in the longest axis. 
Example 7 (Synthesis of mordenite 2) 

A homogeneous aqueous solution was prepared by 
dissolving in 575 g of distilled water, 0.53 g of solid 
caustic soda (containing 96.0 wt% of NaOH and 4.0 wt% of 
H2O. from Katayama Kagaku), 25.0 g of sodium aluminate 
solution (containing 18.5 wtX of AI2O3, 26.1 wtX of NaOH 
and 55,4 of H2O, from Sumitomo Chemical) and 66.6 g of 

TEAOH (containing 20 wtX of TEAOH and 80 wt% of H2O, from 
Sanyo Chemical). To the homogeneous solution was added 
slowly with stirring 78.7 g of hydrous silicic acid 
(containing 91.6 vftX of SiOz, 0.33 of AI2O3 and 0.27 wtX 
of NaOH, Nipseai VN-3, from Nippon Silica). There was 
obtained a homogeneous aqueous slurry having the following 
composition (in molar ratio). 

SiOz/AlzOa 25 

OH^VSiOz 0. 246 

TEA/SIO2 0. 075 

HjO/SiOz 30 

The slurry was heated at 160-C for 7 days with 
stirring (250 rpm) in an autoclave. The reaction product 
was washed with distilled water and filtered five times and 
then dried overnight at about 1201C. Thus there was 
obtained mordenite which gives an X-ray diffraction pattern 
shown in Table 1 and has the silica/alumina molar ratio of 
21.5. The primary particles of the mordenite observed by 
SEM were 0.16 micron in the longest axis. 
Example 8 (Synthesis of mordenite 3) 
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An aqueous solution was prepared by dissolving In 587 
g of distilled water, 21.3 g of solid caustic soda 
(containing 96.0 wt% of NaOH and 4.0 wtX of H2O, from 
Katayama Kagaku) and 21.3 g of tartaric acid powder 
(containing 99.7 wt35 of tartaric acid and 0.3 of H2O, 
from Katayama Kagaku). To the solution was added 29.2 g of 
sodium aluminate solution (containing 18.5 wtX of Al203> 
26.1 yit% of NaOH and 55.4 wt3$ of H2O, from Sumitomo 
Chemical) was added. There was obtained a homogeneous 
solution, to which was added slowly with stirring 111.5 g 
of hydrous silicic acid (containing 91.6 wtX of SiOz, 0.33 
wtj; of AI2O3 and 0.27 wtX of NaOH, Nipseal VN-3, from 
Nippon Silica). There was obtained a homogeneous aqueous 
slurry having the following composition (in molar ratio). 

0H-7SI0z 0. 25 

HgO/SiOz 20 

T/AI2O3 2. 5 T: tartrate 

The slurry was heated at 1601C for 3 days with 
stirring (250 rpm) in a 1000 ml autoclave. The reaction 
product was washed with water and filtered five times and 
then dried overnight at about 120X;:. Thus there was 
obtained raordenite which gives an X-ray diffractioa pattern 
shown in Table 1 and has the silica/alumina molar ratio of 
18.6. The primary particles of the mordenite observed by 
SEM were 0.36 micron in the longest axis. 
Example 9 (Synthesis of mordenite 4) 

A homogeneous aqueous solution was prepared by 
dissolving in 562 g of distilled water, 42.6 g of sodium 
aluminate solution (containing 18.5 wtX of AI2O3, 26.1 wtX 



27 



of NaOH and 55.4 wtSK of H2O, from Sumitomo Chemical) and 
69.9 g of TEAOH (containing 20 wt% of TEAOH and 80 wtX of 
H2O, from Sanyo Chemical). To this aqueous solution was 
added slowly with stirring 78.7 g of hydrous silicic acid 
(containing 91.6 wt!S of SiO^ 0.33 of AI2O3 and 0.27 
wtSK of NaOH, Nipseal VN-3, from Nippon Silica). There was 
obtained a homogeneous aqueous slurry having the 
composition (in molar ratio). 
^ SiOz/AlzOa 15 

OH-VSiOj 0.315 

TEA/SiOz 0.079 

HjO/SiOa 30 

The slurry was heated at IBCC for 7 days with 
stirring (250 rpm) in a 1000 ml autoclave. The reaction 
product was washed with distilled water and filtered five 
times and then dried overnight at about 120*0. Thus there 
was obtained roordenite which gives an X-ray diffraction 
pattern shown in Table 1 and has the silica/alumina ratio 
of 13.1. The primary particles of the mordenite observed 
by SEM were 0.11 micron in the longest axis. 
Example 10 (Preparation of catalysts: catalyst compositions 
C and D) 

A mixture was obtained by adding 4 g of alumina powder 
(containing 75.0 wt!l5 of AI2O3, SCF type, from Condia) with 
boehmite structure (a-aiumina monohydrate), 15 g of alumina 
sol (containing 10 wt% of AI2O3, Colloidal Alumina 200, 
from Nissan Chemical) and 4.3 g of alumina gel (containing 
70 wtX of AI2O3, Cataloid AP (C-10), from Shokubai Kasei) 
to 30 g (absolute dry weight) of the mordenite powder 
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obtained in Example 6, and was kneaded for about 2 hours. 
During i<neading, a proper amount of distilled water was 
added, while the kneaded state was observed. There was 
obtained a pasty mixture, which was formed Into pellets 
like noodles through a screen with 0.3 ram dia. holes. The 
product was dried overnight at IZOt: and then calcined at 
soot: for 2 hours. 

The formed pellet (30 g dry base) was treated with 10 
wt% aqueous solution of ammonium chloride at SO-SS'C for 1 
hour. The ion-exchange treatment was repeated 5 times in 
the same manner as above. The treatment was followed by 
rinsing with distilled water 5 times. It was dried 
overnight at IZOt:, to obtain an ammonium ion-exchanged 
formed pe II et. 

One half of the ammonium ion-exchanged formed pellet 
was immersed in 30 g of an aqueous solution containing 75 
mg, as rhenium metal, of perrhenic acid, at room 
temperature for 3 hours. Then, the Immersed pellet was 
flltlated, dried overnight at IZCC and calcined at SOCC 
for 1 hour and in succession at 540'C for 3 hours, to 
convert ammonium ions into hydrogen ions, for obtaining a 
catalyst composition C containing acid type mordenlte. The 
catalyst composition C contained 0.3 wtX of rhenium. SEH 
observation shows that the maximum diameter of secondary 
particles of the mordenite in the formed catalyst was 3 
microns. An SEM image observed is shown in Fig. 4. 

On the other hand, the remaining half of the obtained 
ammonium ion-exchanged formed pellet was treated with 30 g 
of an aqueous solution containing 0.45 g, as silver metal, 
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of ^silver nitrate at room temperature for 30 minutes and in 
succession at 70*C for 1 hour. The ion exchange treatment 
was followed by rinsing with distilled water 5 times. It 
was dried overnight at 120'C, immersed in 30 g of an 
aqueous solution containing 75 mg, as rhenium metal, of 
perrhenic acid at room temperature for 3 hours. The 
immersed pellet was drained, dried overnight at 12010 and 
calcined at SOO'C for 1 hour and in succession at 540t3 for 
3 hours, to convert ammonium ions into hydrogen ions, for 
obtaining a catalyst composition D containing acid type 
fflordenite. The catalyst composition D contained 2,8 wtX of 
silver and 0.3 of rhenium. SEM observation shows that 
the maximum diameter of secondary particles of the 
mordenite in the formed catalyst was 3 microns. 
Example 11 (Preparation of catalysts: catalyst compositions 
E and F) 

A mixture was obtained by adding 4 g of alumina powder 
(containing 75.0 wtX of AUOst SCF type, from Condia) with 
boehmite structure (a-alumina monohyd rate) , 15 g of alumina 
sol (containing 10 wtX of AI2O3, Colloidal Alumina 200, 
from Nissan Chemical) and 4.3 g of alumina gel (containing 
70 wtX of Ai203, Cataloid AP (C-10), from Shokubai Kasei) 
to 30 g (absolute dry weight) of the mordenite powder 
obtained in Example 7, and was kneaded for about 2 hours. 
During kneading, a proper amount of distilled water was 
added while the kneaded state was observed, to obtain a 
pasty mixture. It was formed into a pellet like noodles 
through a screen with 0.3 mm dia. holes. The formed pellet 
was dried overnight at 120-C and then calcined at 500t: for 
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2 hours. 

The formed pellet (30 g dry base) was treated with 10 
wtJo aqueous solution of amntonium chloride at 80-85-C for 1 
hour. The ion-exchange treatment was repeated 5 times in 
the same manner as above. The treatment was followed by 
rinsing with distilled water 5 times. It was dried 
overnight at IZO'C, to obtain an ammonium ion-exchanged 
formed pel let. 

One half of the ammonium ion-exchanged formed pellet 
was immersed in 45 g of IN ammonium fluoride aqueous 
solution at room temperature for 3 hours, and the Immersed 
pellet was drained and immersed in 30 g of an aqueous 
solution containing 75 mg, as rhenium metal, of perrhenic 
acid at room temperature for 3 hours. The immersed pellet 
was drained, dried overnight at 120*C and calcined at 500*C 
for 1 hour and in succession at 540X3 for 3 hours, to 
convert ammonium ions into hydrogen ions, for obtaining a 
catalyst composition E containing acid type mordenite. The 
catalyst composition E contained 0.3 wtX of rhenium and 0.9 
wtX of fluorine. SEM observation shows that the maximum 
diameter of secondary particles of the mordenite in the 
formed catalyst was 3 microns. 

On the other hand, the remaining half of the ammonium 
ion-exchanged formed pellet was treated with 30 g of an 
aqueous solution containing 0.45 g, as silver metal, of 
silver nitrate at room temperature for 30 minutes and in 
succession at 70°C for 1 hour. The ion-exchange treatment 
was followed by rinsing with distilled water 5 times. It 
was dried overnight at IZOt:, and immersed in 45 g of IN 
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ammonium fluoride aqueous solution at room temperature for 
3 hours. Then, the immersed pellet was drained and 
immersed in 30 g of an aqueous solution containing 75 mg, 
as rhenium metal, of perrhenic acid at room temperature for 
3 hours. The immersed pellet was then drained, dried 
overnight at 120*C and calcined at 500TC for 1 hour and in 
succession at 540*0 for 3 hours, to convert ammonium Ions 
into hydrogen ions, for obtaining a catalyst composition F 
containing acid type mordenite. The catalyst composition F 
contained 2.8 wtX of silver, 0.3 wtX of rhenium and 0.9 wtX 
of fluorine. SEM observation shows that the maximum 
diameter of secondary particles of the mordenite in the 
formed catalyst was 3 microns. 

Example 12 (Preparation of catalyst: catalyst composition 
G) 

A catalyst composition G was obtained using the 
mordenite powder obtained in Example 8, as described for 
preparing the catalyst composition C of Example 10. SEM 
observation shows that the maximum diameter of secondary 
particles of the mordenite in the formed catalyst was 4 
microns. 

Example 13 (Preparation of catalyst: catalyst composition 
H) 

A catalyst composition H was obtained using the 
mordenite powder obtained in Example 9, as described for 
preparing the catalyst composition F of Example 11. SEM 
observation shows that the maximum diameter of secondary 
particles of the mordenite in the formed catalyst was 4 
microns. 
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Comparative Example 3 (Preparation of catalyst: catalyst 
composition I) 

A catalyst composition I was obtained as described for 
preparing the catalyst composition F of Example 11, except 
that the kneading time for catalyst forming was about 30 
minutes. SEM observation shows that the maximum diameter 
of secondary particles of the mordenite in the formed 
catalyst was 10 microns. An SEM image observed is shown in 
Fig. 5. 

Example 14 (DCT i somer i za 1 1 on reaction) 

Seven catalyst compositions C (Example 10) through I 
(Comparative Example 3) prepared as described above were 
tested in OCT i soraer i zat i on reaction. The results are 
shown in Table 7. 
[Table 7] 

From Table 7, it can be seen that if the maximum 
diameter of secondary particles of the mordenite in the 
formed catalyst is smaller than 5 microns, the catalyst 
activity is high, and so the reaction temperature can be 
lowered. Furthermore, it can be seen that if the primary 
particles of mordenite are smaller than 0.2 micron in the 
longest axis, the catalyst is more excellent and that if 
the silica/alumina molar ratio of mordenite is 15 to 30, 
the catalyst is excel lent. 
Example 15 (CEB i somer 1 za t i on reaction) 

The catalyst composition F (Example 11) was tested in 
CEB isoraerizat ion reaction, and the results are shown in 
Table 8. 
[Table 8] 
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